ABSTRACT BACKGROUND Restrictive mitral valve annuloplasty (RMA) for secondary mitral regurgitation might cause functional
S econdary mitral regurgitation (MR) in ischemic
and/or dilated heart disease is associated with an unfavorable prognosis (1, 2) . Restrictive mitral valve annuloplasty (RMA) has evolved as the gold standard treatment for severe secondary MR (3) (4) (5) (6) ; however, recurrence of MR after RMA has an incidence of approximately 30% (7) , and mitral valve replacement (MVR) has been proposed as a potential alternative in selected patients (8) (9) (10) (11) grading on the mean TMG at rest (13, 14, (16) (17) (18) (19) . However, this parameter is certainly flow dependent, potentially masking severe stenosis in low-flow patients (15) . There are currently few data on the use of less flow-dependent parameters such as the effective orifice area (EOA) to quantify stenosis in RMA patients.
The aim of this study was to investigate the hemodynamic, functional, and clinical impact of EOA after RMA and its relationship with diastolic anterior leaflet (AL) tethering at rest and during exercise. and September 2012 at a single tertiary care center (Ziekenhuis Oost-Limburg, Genk, Belgium). Exclusion criteria were structural leaflet abnormalities at surgical inspection, inability to undergo a supine bicycle exercise test, more than mild aortic regurgitation (AR) (vena contracta width >3 mm), and more than mild MR recurrence (vena contracta width >3 mm) at rest or during exercise. Eligible patients underwent a comprehensive resting transthoracic echocardiography (TTE) examination, followed by a semisupine 
METHODS
A display of this theoretical hydraulic relationship for various EOA orifices ranging from 0.5 to 3.5 cm 2 is superposed in Figure 1B . and peak cardiac output (r ¼ 0. Bertrand et al. Importantly, however, the AL "opening reserve" might also be determined by the LV response to exercise (17) . In patients with a positive LV response (i.e., a significant decrease in LV end-systolic volume), papillary muscle tethering decreases and AL opening and EOA increase (Central Illustration).
Importantly, increasing the AL opening angle will not only increase the geometric orifice area at the tip of the restricted leaflets but also has an impact on the coefficient of flow contraction. An alteration of the inflow angulation during exercise, caused by a conformational change in the subvalvular apparatus, is known to increase the coefficient of contraction (26) . Thus, any exercise-induced increase in leaflet angulation will result in both an increase in geometric orifice area and an increase in the coefficient of contraction, which compounds the effect on EOA.
COMPARISON WITH PREVIOUS WORK. In a similar RMA population, Magne et al. (12) also observed a significant increase in EOA during exercise with a concomitant rise in LV ejection fraction ( Table 4) .
Kubota et al. (17), on the other hand, observed a significant decrease in EOA during exercise after Moreover, in the patient group in the study by Fino et al. (27) , exercise EOAi was an independent predictor of exercise sPAP (as a surrogate of exercise capacity).
In MVR patients, severe valve prosthesis-patient mismatch (defined as EOAi <0.9 cm 2 /m 2 ) is known to be associated with postoperative pulmonary hypertension and worse outcomes (28, 29) . Our findings indicate that similar mismatch hemodynamics and physiology can also be observed in patients after RMA, with 2 important differences, however. First, EOAi was an independent predictor of outcome in RMA patients not at rest but at peak exercise. We hypothesize that in MVR patients, the EOA is fixed during exercise and therefore is an identical predictor of outcome both at rest and peak exercise. Second, involved in the mechanism of MR recurrence (33, 34) .
Our study shows leaflet tethering probably plays a role in diastolic inflow restriction as well. Relieving tethering might therefore increase repair durability, reduce the degree of undersizing needed to obtain the target coaptation length, and reduce the functional stenosis after surgery. Importantly, the increase in EOA tended to reach a plateau (2.0 to 2.5 cm 2 ) at higher flow rates. We hypothesize this plateau is influenced by the effective orifice of the ring in the absence of leaflet tethering. Indeed, in multivariate analysis, ring size remained associated with exercise EOA, independent of leaflet angle.
Therefore, all efforts to ensure a durable repair while relieving tethering and increasing annuloplasty ring size should be subject to further research. Belgium. E-mail: pieter.vandervoort@zol.be. 
